In the market of Fort Lamy (Chad) one can purchase a greenish edible substance called Dihe which is sold as a flat cake. … It appears to be an alga collected on the bottoms of seasonally dried-up ponds and shallow waters in the north of Lake Chad and consumed by the local population.
However, on arriving in … Ounianga Kebir … more than 750 miles to the north-east of Fort Lamy, the botanist was struck by the abundance of a microscopic alga in some lakes. … Although the local population appears to be unaware that it might have a food value, the botanist … prepared some cakes according to the recipe obtained.
Both cakes … are almost exclusively composed of a Cyanophycea: Spirulina platensis. According to chemical analysis it appears that it is a food-plant very rich in proteins. From Nature 8 January 1966
Years Ago
The popularisation of Science. It is scarcely surprising that scientific knowledge is so little disseminated in this country considering the difficulties which hinder its acquisition. If science is to become widespread, it seems to me essential that it should be democratic both in its higher and in its lower branches. In England, however, science may be said to be aristocratic. Scientific societies demand more or less high subscriptions. Public lectures on science are rarely free. In London an institution exists where advanced lectures are given, but the subscription to which is considerable, and to become members of which people actually have to be recommendedrecommended to be allowed to learn! From Nature 6 January 1916 galaxies that have low metal content, but those measurements are affected by systematic uncertainties. Even worse, the latest analyses point to a primordial 4 He abundance that seems to be significantly higher than the one suggested by the Planck mission's CMB study 5, 6 . To resolve this problem and to reduce the uncertainties, Cooke proposes that the usually neglected primordial isotope 3 He should be included in the analyses. According to BBN theory, the ratio of the primordial abundance of 3 He to that of 4 He depends on both N eff and the cosmic baryonic density, in a way that is opposite to the dependence of the ratio of deuterium to 1 H; that is, 3 He: 4 He decreases with N eff , whereas D: 1 H increases. So, by combining analyses of both the hydrogen and helium isotopic ratios, the value of N eff can be constrained better than by using either the abundance of 4 He or the D: 1 H ratio alone (Fig. 1) . Implementing this idea is far from trivial, however, on both observational and theoretical grounds. First, uncertainties in nuclearreaction rates will have to be further reduced to make 3 He a useful probe for precision cosmology. Second, unlike deuterium, which is always destroyed by stars, 3 He is produced by low-mass stars but destroyed by higher-mass ones, to a poorly known extent. This makes it difficult to determine its primordial abundance unambiguously, even by looking in lowmetallicity environments.
Moreover, 3 He is 10,000 times less abundant than 4 He, and so its weak emission line will be hard to identify in the background of the much brighter 4 He line -especially if the latter is broadened by rapid thermal or turbulent motions of the emitting gas. A statistically significant detection of 3 He would require a high signal-to-noise ratio, of more than 500. This will be obtainable only using the next generation of telescopes, which will have mirrors 30 metres or more in diameter.
Nevertheless, Cooke's suggestion is of great interest, because the standard cosmological model should be checked as accurately as possible with every available method, in view of its prominent role in modern physics. In particular, Cooke's strategy should allow potential departures from the standard model to be probed in a complementary way to existing strategies. 
CANCER

Oncogene brought into the loop
Analysis of the 3D structure of DNA in tumour cells reveals how mutations in the IDH1 gene, and associated changes in methyl groups attached to DNA, elevate the expression of cancer-promoting genes. See Letter p.110
he discovery in the late 2000s that mutations in the gene that encodes the enzyme isocitrate dehydrogenase 1 (IDH1) are often associated with glioma, the most common form of brain cancer, was unexpected and tantalizing 1, 2 . The IDH1 protein is involved in the citric-acid cycle -a metabolic process that is used by nearly all cells to generate energy, and that in 2008 had only recently been connected to cancer 3, 4 . The discovery therefore supported the longstanding theory that altered metabolism could transform normal cells into cancerous ones. On page 110 of this issue, Flavahan et al. 5 report that an abnormal metabolite generated by mutant IDH1 may drive cancer primarily by altering the 3D conformation of DNA.
Mutant IDH1 converts the citric-acidcycle molecule isocitrate into an abnormal metabolite that inhibits TET enzymes 6 , which remove methyl groups from DNA. The presence of methyl groups can alter gene expression by preventing some proteins from binding DNA, and an excess of methyl groups in promoter sequences (which drive gene expression) can silence tumour-suppressor genes, leading to cancer. It has been suggested 7 that inhibition of TET enzymes leads to such hypermethylation in IDH1-mutant tumours. However, promoter hypermethylation in these tumours is not generally correlated with changes in gene expression 8 , suggesting that cancer-associated changes in methylation may occur at other DNA sequences.
In addition to promoter regions, gene expression can be regulated by the 3D structure of chromatin (the complex in which DNA is wound around histone proteins for packaging in the cell). Chromatin structure is exceptionally intricate, and is defined in part by evolutionarily conserved loops called topologically associated domains (TADs). Inter actions between DNA sequences -for instance, those that bring promoters into contact with distant enhancer elements to activate gene expression -are more common within than between TADs, and there is evidence 9 that gene expression is coordinated in these loops.
TADs are insulated from one another by DNA-binding proteins such as the CCCTCbinding factor (CTCF). Deletion of the DNA sequence encompassing one CTCF binding site has been shown to cause changes in TAD structure and gene expression that lead to limb malformations 10 , highlighting the importance of maintaining these boundaries. Notably, CTCF binding is sensitive to changes in DNA methylation 11, 12 . Flavahan et al. demonstrated that a subset of CTCF binding sites is methylated in IDH1-mutant gliomas, and that CTCF binding at these sites is subsequently reduced. Leveraging gene-expression data from hundreds of gliomas and normal brain specimens, and using 3D chromosome-conformation data from various cell lines, the authors found previously unknown gene-expression correlations between TADs in IDH1-mutant gliomas, suggesting that TAD borders are disrupted.
Hundreds of the pairs of genes that are correlated in the mutant cells straddle a disrupted TAD border. Of these, PDGFRA and FIP1L1 are among the most highly expressed. PDGFRA is an appealing candidate for further study, because it is a well-documented oncogene (it promotes cancer when mutationally activated or over expressed) and is amplified genetically in some 20% of advanced (high-grade) gliomas 13 . The authors find that, in IDH1-mutant gliomas, which are low grade, the CTCF site at the TAD boundary between PDGFRA and FIP1L1 is methylated and CTCF binding is reduced. Thus, an increase in PDGFRA expression, although arising through different mechanisms in low-and high-grade tumours, may be a common theme in glioma.
Flavahan and colleagues showed that, in glioma cells in which IDH1 is not mutated, the PDGFRA promoter strongly interacts with its own enhancer. The interaction patterns are markedly different in IDH1-mutant tumours. Here, there is a strong interaction between the PDGFRA promoter and the unrelated enhancer of FIP1L1, despite the fact that these two genetic elements are separated by almost 900,000 base pairs. This aberrant interaction is approximately five times stronger than that between the PDGFRA promoter and its own enhancer. Together, these results suggest that disruption of a boundary element by hypermethylation allows a potent FIP1L1 enhancer to interact with the PDGFRA promoter, increasing gene expression (Fig. 1) .
To confirm that DNA hypermethylation is responsible for the elevated PDGFRA expression that they observed, the authors treated IDH1-mutant cells with a drug that reduces DNA methylation. In agreement with their hypothesis, the treatment reduced methylation of the relevant CTCF binding site, increasing CTCF binding and reducing PDGFRA expression. Conversely, experimental disruption of the CTCF binding site in cells that lacked the IDH1 mutation led to increased PDGFRA expression. The altered expression presumably occurs because of changes in enhancerpromoter interactions, but this was not tested directly. Elevated PDGFRA expression doubled cell growth compared with untreated cells. This suggests that the increased PDGFRα protein in IDH1-mutant glioma cells provides a selective growth advantage over cells lacking the mutation.
Flavahan and colleagues' study focuses on one CTCF site out of hundreds, so other oncogenes might also be activated by newly formed enhancer-promoter interactions in IDH1-mutant tumours. Many newly activated genes may also be 'passenger' events, which have no functional consequences. The methylation states of CTCF sites and the activity of enhancers vary widely across cell types, suggesting that 3D chromosome-conformation analysis of high-grade gliomas, colorectal cancers, lymphomas, leukaemias and other IDH1-mutant cancers could reveal different targets of genomic hypermethylation. These targets may also include those normally bound by methylation-sensitive factors other than CTCF.
Consistent with the fact that DNA methylation is highly stable, aberrant hypermethylation persists in IDH1-mutant tumours after treatment with an inhibitor of mutant IDH1 (ref. 14) . Assuming that hypermethylation is involved in the transition to cancer, as is strongly suggested by the current study, such stability could pose a challenge for the success of IDH1-inhibitor treatments in patients. Unravelling the effects of DNA hypermethylation on gene dysregulation will lead to a more complete survey of the forces downstream of TET and other enzymes that drive the evolution of IDH1-mutant cancer cells 15 . Structural boundaries between regions of chromatin (the complex of DNA and proteins in which DNA is packaged in the nucleus) define loops called topologically associated domains (TADs), within which gene activity is coordinated. DNA binding by the insulator protein CTCF separates these domains. Flavahan et al. 5 provide evidence that CTCF insulation prevents the activation of oncogenes (genes whose hyperactivity promotes cancer) by distant enhancer elements from different TADs. The authors find that mutations in the gene IDH1 increase the number of methyl groups that are attached to CTCF binding sites, reducing CTCF-DNA binding. This breaks down the TAD border structure, allowing aberrant association between enhancers and the promoter regions of oncogenes. Oncogene expression is subsequently amplified, leading to cancer. 
